The objective of the present study was to investigate the effect of outdoor grazing on the expression of genes involved in muscle growth and the nutrient contents of skeletal muscle in steers. Ten Japanese Black steers were divided into two groups: grazing (GR) and concentrate (CT) groups. Crude protein, extractable lipid, moisture, fatty acid, cooking loss and Warner Bratzler shear force in muscle tissue were analyzed. The gene expression of myosin heavy chain (MyHC) isoform (2a, 2x and slow), myostatin, follistatin, peroxisome proliferator-activated receptor γ2 (PPARγ2), CCAAT/enhancer binding protein α (C/EBPα), heat shock protein (HSP) 27 and HSP40 in skeletal muscles was evaluated at the end of fattening. Decreases in MyHC-2a and MyHC-2x (fast-twitch fiber type) expression in the longissimus lumborum (LL) muscle were detected in the GR group compared with the CT group; in contrast, an increase in MyHC-slow (slow-twitch fiber type) expression was shown in the GR group. These results suggest that grazing initiated muscle fiber type conversion to slow-twitch from fast-twitch. A decrease in extractable lipid content was observed in the GR group in the LL and semitendinosus (ST) muscles. Crude protein content in the LL muscle in the GR group was higher than in the CT group. MyHC expression in LL muscle in the GR group was greater than in the CT group. A decrease in myostatin and PPARγ2 gene expression was detected in the GR group compared with the CT group in both muscles. Expression of C/EBPα in LL muscle in the GR group was lower than in the CT group. These results suggest that grazing steers at the end of fattening may lead to an increase in protein content and a decrease in fat accumulation in LL and/or ST muscles by regulation of myostatin, MyHC, PPARγ2 and C/EBPα gene expression.
Introduction
Beef cattle in Japan are reared indoors on a concentrate-based diet throughout the fattening period. Our previous study revealed that feeding a large amount of grass hay to steers indoors induced an increase in protein content and a decrease in fat accumulation in muscle by regulating myostatin, myosin heavy chain (MyHC) and CCAAT/ enhancer binding protein α (C/EBPα) gene expression [1] . Myostatin has been shown to be a negative regulator of skeletal muscle growth, and its function is engaged in both hypertrophy and hyperplasia of skeletal muscle [2] . The MyHC protein is the major component of the thick filament in skeletal muscle, and is the most abundant myofibril protein. C/EBPα and peroxisome proliferator-activated receptor γ (PPARγ) have been shown to play an important role in activating adipogenesis [3] [4] and these two genes are expressed in the late stage of adipocyte differentiation [5] . Follistatin has been shown to bind to myostatin and inhibit its activity, and its overexpression in transgenic mice has been shown to increase skeletal muscle growth [6] . Bernard et al. [7] reported that expression of heat shock protein (HSP) 40 in muscle is associated with beef tenderness. Another study reported that the drip loss, crude fat content and monounsaturated fatty acid concentrations in muscle of pasturefed Japanese Shorthorn steers were lower than those of concentrate-fed steers, and pasture finishing increased the α-tocopherol and β-carotene contents in muscle [8] . The protein content in muscle was lower in grass-fed cattle than in cattle fed a combination of grass and concentrate [9] . Schroeder et al. [10] reported that the crude fat content in muscle was lower in forage-fed steers compared with in concentrate-fed steers.
Although the muscle nutrient content in roughage-fed steers has been described in several reports, there are no reports on the relationship of gene expression and nutrient content under grazing conditions. The objective of this study was to investigate the relationship of changes in gene expression involved in muscle growth and nutrient content in skeletal muscle between outdoor grazed and indoor concentrate-fed steers.
Methodology

Animal Management
Management of steers and all procedures were performed according to the Animal Experimental Guidelines of the NARO Western Region Agricultural Research Center (NARO/WARC), Japan. Ten 10-month-old Japanese Black steers (254 ± 8.0 kg), which had been bred at NARO/WARC, were used in this study. Steers were randomly divided into two groups: the grazing (GR) group and concentrate (CT) group. They were first housed individually in a stall barn and fed concentrate (flaked corn, flaked barley, wheat bran, and soybean meal; 73% total digestible nutrients [TDN] and 11% crude protein [CP] ) ad libitum, and Italian ryegrass hay (59% TDN and 7.2% CP) at 1.5 kg/day until 21 months of age. After this control period, the four steers of the GR group (533 ± 24.3 kg) were placed on an outdoor pasture; in contrast, the remaining six steers of the CT group (562 ± 29.0 kg) continued to be fed the concentrate and grass hay diet in the stall barn. The steers were slaughtered at 27 months of age at the NARO/WARC abattoir, and skeletal muscle tissues from the longissimus lumborum (LL) and semitendinosus (ST) muscles were obtained for analysis of the gene expression and meat characteristics. A portion of these samples was rapidly frozen in liquid nitrogen and stored at −80˚C until RNA extraction.
Meat Characteristics
Collected muscles were processed into 2.5-cm (thickness) steaks, vacuum-packed, stored in a refrigerator at 2˚C for 15 days after slaughter, and frozen at −80˚C until analysis. Steaks were thawed for 24 h at 2˚C and then carefully mopped dry using paper tissue. The samples were broiled on electric grills to an internal temperature of 70˚C; they were then wrapped in plastic to prevent desiccation and stored at 2˚C for approximately 12 h. Cooking loss was calculated from the weight difference between before and after cooking [11] . Six cores (1.3 cm in diameter) were removed from each steak parallel to the longitudinal orientation of the muscle fibers. All cores were sheared using a Warner-Bratzler shear force (WBSF) machine, and the peak shear force was recorded [11] . A portion of muscle tissue except subcutaneous fat and intermuscular fat was minced to determine the crude protein content, extractable lipid content and moisture content. Crude protein was calculated by quantitative analysis of nitrogen using the Kjeldahl method with copper sulfate and potassium sulfate as catalysts [12] . Lipid was extracted with diethyl ether for 16 h using a Soxhlet extractor [12] . To analyze the fatty acid composition in the muscle tissue, the extracted lipid was converted to fatty acid methyl esters by boron trifluoride methanol complex methanol solution and analyzed using gas chromatography [13] .
RNA Isolation and Quantitative Real-Time PCR
Total RNA was extracted from muscle tissues using TRIZOL reagent (Invitrogen, Carlsbad, CA, USA) according to the manufacturer's protocol. The RNA quality was assessed using a Multiskan GO UV/Vis spectrophotometer (Thermo Fisher Scientific, Waltham, MA, USA). The first-strand complementary DNA (cDNA) was synthesized from 3 μg of total RNA using SuperScript II RNase H -reverse transcriptase (Invitrogen) with oligo (dT) primer (Amersham Pharmacia Biotech, Piscataway, NJ, USA). After reverse transcription, gene expression of MyHC, MyHC isoforms (-2x, -2a, and -slow), myostatin, follistatin,PPARγ2, C/EBPα, HSP 27 and HSP 40 were determined by real-time PCR using an ABI 7500 detection system (Applied Biosystems, Foster City, CA, USA). Real-time PCR analyses were carried out at least in duplicate for each sample. The expression of the MyHC gene was represented as the sum of MyHC-2x, -2a, and -slow gene expression. The first-strand cDNA was diluted with deionized water and amplified using SYBR Green PCR Master Mix or TaqMan Universal PCR Master Mix (Applied Biosystems) with the gene-specific TaqMan probe and primers ( Table 1) . The real-time PCR reaction was carried out initially for 2 min at 50˚C, then for 10 min at 95˚C, then 50 cycles of 15 s at 95˚C and 1 min at 60˚C. The housekeeping gene glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was used as a normalization control. The TaqMan probe and primers were designed using Primer Express (Applied Biosystems).
Statistical Analysis
Gene expression data were represented as means. The relationships between the relative mRNA levels of the target genes or nutrient content and treatment groups were analyzed using one-way ANOVA and a post-hoc Fisher test. A p value of <0.05 was considered statistically significant. Table 2 shows the nutrient contents in the LL and ST muscles of the GR and CT groups in steers. A previous study reported that no change in protein content was found in the longissimus muscle between combination feeding of concentrate and a large amount of roughage vs. concentrate feeding alone in steers [10] [14] . Fur- Table 1 . Sequences of real-time PCR primers used in this study 1 . thermore, Srinivasan et al. [9] observed that the protein content in muscle was lower in grass-fed cattle than in cattle fed a combination of grass and concentrate. On the other hand, crude protein content in the ST muscle was greater in the grass hay-fed than in the concentrate-fed steers [15] . In agreement with previously published reports, we found crude protein in the LL muscle of the GR group was significantly greater than that of the CT group, even though there was no significant difference in protein content in the ST muscle between the two groups ( Table 2) . This corresponded to the gene expression in steer muscles. Myostatin has been shown to play a negative regulatory role in skeletal muscle growth, and its function is involved in both hypertrophy and hyper plasia of skeletal muscle [2] . Expression of the myostatin gene in the LL and ST muscles of the GR group was significantly lower than that of the CT group (Table 3) . Furthermore, although there was no change in MyHCgene expression in the ST muscle between the two groups, its expression in the LL muscle of the GR group was significantly greater than that of the CT group ( Table 3) . A previous study revealed that the protein content in skeletal muscle is affected by the regulation of myostatin and MyHC gene expression when steers are fed a large amount of grass hay indoors [1] . Although there is competitive action between myostatin and follistatin, there was no significant difference in follistatin gene expression in both muscles between two groups ( Table 3 ). The present study suggests that grazing at the end of fattening may increase the protein content in the skeletal muscle by the expression of myostatin and MyHC genes.
Results and Discussion
A change in the distribution ratio of the three MyHC isoforms was identified in the LL muscle between the two groups (Figure 1) . The expression ratio of the MyHC-2a and -2x (fast-twitch) genes in the LL muscle was significantly lower in the GR group than in the CT group. In contrast, the expression ratio of the MyHC-slow (slow-twitch) gene in the LL muscle of the GR group was significantly greater than that of the CT group. No change in the distribution ratio of MyHC isoforms was identified in the ST muscle. A previous study reported that muscle fiber type was converted to slow-twitch from fast-twitch with changes in the expression of glycolytic enzymes when cattle were grazed in the latter fattening period [16] . In terms of the expression of MyHC isoforms when steers were grazed at the end of fattening, the present study agreed with previous reports. Moreover, a previous report indicated that whole body exercise training caused a fast-twitch to slow-twitch shift in the MyHC isoform in rat hindlimb muscles [17] . The present results suggested that muscle fiber type conversion to slow-twitch from fast-twitch occurred in grazed steer muscle by simply grazing and/or exercise stimulus by grazing.
Extractable lipid in the LL and ST muscles of the CT group was significantly higher than that of the GR group ( Table 2) . The crude fat content in muscle of concentrate-fed Japanese Shorthorn steers was greater than that of pasture-fed steers [8] . Schroeder et al. [10] also reported that the crude fat content in muscle was higher in concentrate-fed steers compared with forage-fed steers. Furthermore, our previous study indicated that extractable lipids in LL and ST muscles were higher in the concentrate-fed steers than in the hay-fed steers [15] . Our present results coincided with our previously published study. C/EBPα and PPARγ have been shown to play an important role in activating adipogenesis [3] [4]. Yamada et al. [18] revealed that fat accumulation in skeletal muscle at the end of the fattening period was affected by the increase in the expression of C/EBPα during indoor feeding of large amounts of concentrate to steers. Expression of the C/EBPα gene in the LL muscle of the GR group was significantly lower than that of the CT group ( Table 3) . The PPARγ2 gene expression was also significantly lower in the LL and ST muscles of the GR group compared with those of the CT group ( Table  3) . Expression of PPARγ2 gene in the LL and ST muscles at the end of fattening tended to be lower in the grass hay-fed steers than in the concentrate-fed steers [1] . Previous studies with myostatin-deficient mice observed a decrease in body fat accumulation resulting from a reduction of adipogenesis; accordingly, leptin secretion was decreased [19] [20] . The present study suggests that the decrease in fat accumulation in skeletal muscle in the GR group was affected by the regulation of C/EBPα, PPARγ2 and myostatin gene expression. Moreover, moisture content in both muscles of the CT group was significantly lower than that of the GR group ( Table 2) . These results suggest that repartition of nutrient contents may be caused by grazing at the end of fattening. Table 2 shows the sum of the concentration of fatty acids in the LL and ST muscles of the GR and CT groups. There was no significant difference in saturated fatty acid and monounsaturated fatty acid in either muscle between the two groups. In contrast, polyunsaturated fatty acid (PUFA) in the ST muscle of the GR group was higher than that of the CT group. PUFA in the LL muscle was higher in the GR group than in the CT group, though there was no significant difference between two groups. The PUFA concentration in the muscle of the pastured steers was higher than that of the concentrate-fed steers [8] . Another report shows that a high concentration of PUFA in muscle was detected in the grass-fed cattle compared with cattle fed a combination of grass and concentrate [9] . The high concentration of PUFA in muscle was consistent between the present study and previous studies.
Cooking loss was employed as an index of the water-holding capacity of the meat. The cooking loss in the ST muscle was higher in the GR group compared with the CT group, but there was no significant difference between the groups ( Table 2) . Several reports describe no difference in cooking loss between concentrate-fed steer and alfalfa silage-fed [21] or grass-fed [14] steers. Our results agreed with these results. However, a previous report observed that cooking loss in muscle is lower in concentrate-fed bulls than in grazed bulls [22] . Cooking loss was not consistent between the different rearing systems from several studies. Further studies are needed to clarify the influence of rearing systems on the cooking loss.
WBSF is used to measure meat tenderness and is the most widely used method to do so. The WBSF in the ST muscle was higher in the GR group than in the CT group, but there was no significant difference between the groups ( Table 2 ). Other studies reported that the shear force of muscle was lower in the concentrate-fed steers compared with the forage-fed [10] and pasture-fed [8] steers. These reports did not correspond with the results obtained in the present study. However, the slight change in the WBSF of the ST muscle between two groups may have been caused by grazing during the short period and/or extractable lipid contents in muscle. Furthermore, Bernard et al. [7] reported that low expression of HSP 40 (DNAJA1) in skeletal muscle of Charolais bull calves is associated with elevated beef tenderness by transcriptomic study. HSP 40 gene expression in the ST muscle was lower in the GR group than in the CT group, but there was no significant difference between two groups ( Table 3) . Although the present study tended to show a decrease in HSP 40 expression and an increase in the WBSF in ST muscle of the GR group, these results were not strongly supportive of the previous reports [7] . On the other hand, though the WBSF in the LL muscle in the present study was not measured, the results suggested that a decrease in HSP 40 gene expression in the LL muscle of the GR group may affect the beef tenderness ( Table 3) . Further studies are needed to clarify the correlation between HSP 40 expression and tenderness in skeletal muscle of Japanese Black steers.
Additionally, HSPs have been utilized in several studies as stress markers. Our previous study indicated that an increase in HSP 27 expression in skeletal muscle occurred in a high-density housing stress condition in steers [23] . Moreover, HSP 27 expression in skeletal muscle occurred simultaneously with a decrease in IgG blood levels in the outdoor-grazed steers compared with indoor concentrate-fed steers [23] . Increase in the HSP 27 protein level in skeletal muscle was observed at 1 and 14 days after eccentric exercise stress compared with that before the stress [24] . Transport-stressed pigs show a higher level of HSP 70 in the heart and kidney than do control pigs [25] . In the present study, expression of HSP 27 and HSP 40 genes in the LL muscle of the GR group was significantly lower than that of the CT group ( Table 3) . These results suggest that grazing of steers may be expected to reduce the influence of stress.
Conclusions
The present study suggests that an increase in protein content and decrease in fat accumulation in the LL and/or ST muscles of the grazing steers at the end of fattening were affected by the expression of myostatin, MyHC, PPARγ2, and C/EBPα genes. Gene expression of the MyHC isoforms suggest that muscle fiber type conversion to slow-twitch from fast-twitch occurred in grazed steer muscle by grazing and/or exercise stimulus during grazing.
The present study confirmed that gene expression involved in skeletal muscle growth is related to the accumulation of nutrient contents in skeletal muscle between outdoor grazed and indoor concentrate-fed steers. Although the present study measured the expression of only seven genes belonging to three groups, expression analysis of many genes in several groups may be able to obtain a large amount of information about the living body. Monitoring gene expression in skeletal muscle can be indicative of biological reactions, such as the protein and fat accumulation in skeletal muscle, during fattening beef cattle, which may be able to provide useful information to alter fattening systems. To alter fattening systems based on gene expression, further studies are needed to elucidate the relationship between gene expression and beef production, including the growth and carcass performance and nutrient contents in skeletal muscle.
